By combining analytical and numerical methods we find that the static spherically symmetric solutions of the complete Hořava theory with negative cosmological constant are wormholes and naked singularities. We study the second-order effective action and consider only configurations with vanishing shift function. We consider the case when the coupling constant of the (∂ ln N ) 2 term, which is the unique deviation from general relativity in the effective action, is small. At one branch the wormhole acquires a kind of deformed AdS asymptotia and at the other branch there is an essential singularity. The deformation of AdS essentially means that the lapse function N diverges asymptotically a bit faster than AdS.
Introduction
The nonrenormalizability of general relativity (GR) in the perturbative scheme as well as the issues of dark matter and dark energy open the doors for the possibility of studying modifications of GR. In this sense the Hořava proposal [1] of having an ultraviolet completion of GR with a preferred foliation of space-time has been studied widely. Among the several versions that have been proposed, the complete nonprojectable version [1, 2] exhibits the best behavior in what concerns to the structure of the field equations and constraints as well as its relation to GR [2, 3, 4, 5, 6] . In this scenario most of the analysis has been done outside the conformal point of the kinetic term, which holds at the value λ = 1/3 of its coupling constant. Out from the conformal point, λ = 1/3, the theory propagates one extra mode with respect to the two tensorial modes of GR 4 . The decoupling of this extra mode at low energies faces with the so-called strong coupling problem [10, 11, 12, 13] . However, at the conformal point of the kinetic term, λ = 1/3, the theory propagates exactly the same modes of GR as a consequence of additional second-class constraints that arise at this point [6] (see also [14] ). This is a outstanding feature, since there is no need of any decoupling mechanism and there are no discontinuity issues at low energies. Because of this we consider the λ = 1/3 case of the nonprojectable theory as a serious candidate for an alternative to GR.
Mainly because of their potential astrophysical applications, in the modifications of GR it is mandatory to identify solutions representing isolated sources. A suitable sector to start with is the set of spherically symmetric and static configurations. Obviously, the most important information for these configurations comes from the large-distance effective theory. Our main interest is to study static spherically symmetric solutions of the effective theory of the complete nonprojectable Hořava theory. Since these configurations are static (and since we switch off the shift function), they do not depend on the constant λ, thus the configurations are the same for the λ = 1/3 and λ = 1/3 cases.
The static spherically symmetric solutions with vanishing shift function of the effective theory without cosmological constant have been found in Refs. [15, 16] (in Ref. [17] the same problem was considered). The main feature of the solutions (for positive mass) is that they are wormholes with an asymptotically flat branch and an essential singularity at the infinite boundary of the other branch. Actually, the solutions of Ref. [15] (see also [18] ) were found in the context of the Einstein-aether theory [19] . The correspondence comes from the equivalence this theory has with the second-order effective action of the Hořava theory [12, 20, 21] . In Ref. [16] we recovered the same solutions of Ref. [15] with a coordinate system valid at the throat. In particular this allows to show directly that the physical radius r has a minimum at the throat and passes over it smoothly. Other exact solutions of various versions of the Hořava theory can be found for example in Refs. [22, 23, 24] .
The results of our previous work [16] encourage us to consider the problem of finding the static spherically symmetric solutions of the Hořava theory with a cosmological constant turned on. Specifically, we shall consider the case of negative cosmological con-stant, under which we can get better control of the behavior of the field equations. As we already mentioned, for the analysis we take the lowest-order effective action, which contains the cosmological constant and the terms of second order in derivatives. In Ref. [17] the asymptotic solutions of the same effective action were considered. Our program is the implementation of a procedure parallel to the one of the Λ = 0 case of Ref. [16] . In particular we pursue a new radial coordinate that allows to identify the geometry of the solutions. We shall arrive at differential equations determining both the new coordinate and the metric components in terms of it. With analytical studies we shall extract important properties from these equations, such as the presence of a minimum for the physical radius r, which indicates that the geometry is again a wormhole. Since in this case the relevant equations are considerably more involved than in the Λ = 0 case, eventually we shall perform numerical integration on them. This will confirm the analytical results and complete the understanding of the configurations.
Another important aspect we shall investigate is the asymptotic behavior of the solutions. Under a hypothesis of polynomial divergence, which can be posed even before finding the wormhole structure, we shall determine analytically whether the solutions are asymptotically anti-de Sitter and we shall contrast the analytical result with the numerical solution. We give in advance that the asymptotia we find (at one branch of the wormhole) is not exactly anti-de Sitter, but rather a deformation of it. At the other branch there is an essential singularity similar to the one found in the inner branch of the Λ = 0 case [15, 16] .
Solutions of the field equations
The theory is described by using the Arnowitt-Deser-Misner variables
We assume that the lapse function N depends both on time and space, hence we deal with the nonprojectable formulation of the theory. In particular, this assumption is fundamental to find the kind of configurations we are interested in. The most general effective action for large distances (second order in derivatives) with cosmological constant is
where
From this action we derive the field equations and evaluate them on static configurations with vanishing shift functions. This yields the equations
3)
Once the condition of staticity is impose the constant λ disappears from these equations. Hence all the analysis is valid for the λ = 1/3 and λ = 1/3 theories. If α = 0 these equations coincide with the Einstein field equations with cosmological constant under the conditions of staticity and N i = 0. Equation (2.4) and the trace of (2.3) imply
Thus, field equations admit no solution for α = 2 whenever Λ = 0. Assuming α = 2, equations (2.4) and (2.5) are equivalent to
where γ ≡ 2Λ/(2 − α). After using these equations into the field equation (2.3), it becomes
Thus, the system to be solved for static configurations with vanishing shift function is Eq. (2.8) together with (2.6) or (2.7). The general static spherically symmetric metric with a vanishing shift function is
Under this ansatz Eqs. (2.6) and (2.7) yields, respectively,
All off-diagonal components of the equation of motion (2.8) vanish. The rr and θθ components become, respectively,
It is a matter of straightforward computations to check that Eq. (2.12) is implied by (2.10), (2.11) and (2.13). Hence, we take Eqs. (2.10), (2.11) and (2.13) as the system of independent equations. Note that in this approach we are forced to solve both equations (2.10) and (2.11) independently. Since the highest derivatives are f ′ and N ′′ and there are three equations, there are two independent integration constants in the full set of solutions (whenever the solutions have no hair). One of these constants is evidently associated to scalings of N, which can always be absorbed by scaling the time. Therefore, only one integration constant has physical meaning.
The ansatz (2.9) includes the Schwarzschild-de Sitter and Schwarzschild-anti-de Sitter space-times. They are given by 14) where the Schwarzschild-de Sitter metric holds when Λ > 0 and Schwarzschild-anti-de Sitter for Λ < 0, and M is a free constant. If we set the GR value α = 0, which implies γ = Λ, these metrics solve exactly all the equations (2.10 -2.13) for any Λ and M. Before entering in the full solutions, we study the potential asymptotic divergences for the case when the cosmological constant is negative. This helps to contrast with the Schwarzschild-anti-de Sitter metric (2.14) (or simply, with anti-de Sitter). To achieve this we assume that if N and f diverge at r → ∞, then they do with some dominant powers of r. That is, we assume that as r → ∞,
with a, b, C > 0 (again, Eqs. (2.10), (2.11) and (2.13) give no information about multiplicative constants of N). This assumption is supported by the numerical solution, as we shall see. We then evaluate the field equations at the limit r → ∞ by substituting (2.15) and neglecting any finite term. Equation (2.10) yields
Since none of these coefficients can be put equal to zero, we have that this equation necessarily implies b = 2 and
Next, Eq. (2.13) yields
With the same argument we have again that b = 2 and
We can solve a and C from (2.17) and (2.19), which yields
Finally, with the values for a, b, C given in (2.17) and (2.20) the Eq. (2.11) is solved asymptotically. Thus, we see that the solutions of the system (2.10), (2.11) and (2.13) that diverge asymptotically with some powers of r do not tend exactly to the Schwarzschildanti-de Sitter space, but rather to a deformation of it (for small α). Specifically, f does diverge as in Schwarzschild-anti-de Sitter, f ∼ r 2 , but N exhibits a slight modification, N 2 ∼ r 2(1−α) −1 , which for small α can be seen as a deformation of r 2 . The field equations fix the coefficient of the dominant mode of f , which is the constant C given in (2.20) (actually, this coefficient is also different to the one of AdS). Thus, the dominant mode of f at infinity is completely fixed for all solutions Let us start our approach for solving the system of equations. We remark that in the whole procedure we shall assume that α is near to zero. There is a quadratic structure encoded in Eqs. (2.11) and (2.13). Indeed, a combination of these two equations yields the quadratic equation
Our assumption for α implies that β is close to one. This quadratic equation suggests the implementation of a procedure similar to the one we used in the Λ = 0 case [16] .
To further proceed we choice a negative cosmological constant from now on. With Λ < 0 we have that ρ 2 > 0 everywhere, so the analysis of Eq. (2.21) simplifies greatly. Under this condition we may write the Eq. (2.21) as
The general solution to this equation can be written as
for any χ ∈ (−∞, +∞). Thus, we have that in principle there are two sets of solutions, each one corresponding to a choice of sign in (2.24). It turns out that the two sets of geometries are equivalent after coordinate transformations. We shall further comment on this later on. Thus, we may take (2.24) with the upper sign as the general solution of Eq. (2.23) without loss of generality. Solution (2.24) is then equivalent to
Now our aim is to use χ as a new radial coordinate, obtaining, first of all, an equation for the coordinate transformation between r and χ. For this goal we join Eq. (2.10) with the Eqs. (2.25) and (2.26) to form a system of equations for the functions r(χ), N(χ) and f (χ). We comment that since the Eqs. (2.25) and (2.26) were obtained from a single combination of the Eqs. (2.11) and (2.13), to have a valid solution of the original system (2.10), (2.11) and (2.13) we must check whether the solutions {r(χ), N(χ), f (χ)} solve any of the Eqs. (2.11) or (2.13).
We first rewrite the differential equation (2.10) as an equation with χ as the independent variable, obtaining
This equation can be brought to the form
28) and finally to the form
(2.29)
By substituting Eqs. (2.25) and (2.26) into this last equation and after a bit of algebra we obtain a differential equation only for r(χ),
where 
and its integral is
This is the coordinate transformation we found for the case without cosmological constant [16] .
Having found the differential equations that determines r(χ), N(χ) and h(χ), the rest of our procedure will consist of in doing analysis to extract special points of these equations and then performing numerical integration on them. For the integration the key equation is (2.30), since it is a single equation for r(χ) and the solutions for N and h depend on it. In turn, for the numerical solution of Eq. (2.30) it is mandatory to analyze the several singularities this equation has as well as its critical points. From now on we assume a positive α, such that α ∼ 0 + and β ∼ 1 − . In the Appendix we summarize the results for negative α.
We start with the singularities. It is easy to see that at both asymptotic limits, χ = ±∞, Eq. (2.30) implies that dr/dχ is positive, hence r becomes monotonically increasing at both ends of χ. Thus, there is a singularity at (χ = +∞, r = ∞) which corresponds to the spatial infinity. On the other hand, as χ → −∞ the radius r necessarily tends to zero. We shall check this behavior at both asymptotic limits it in the numerical integration. We remark that at the singularity (χ = +∞, r = ∞) the factor H diverges.
Further singularities of dr/dχ arise for finite χ (with no analogous in the Λ = 0 case). The key feature to localize these singularities is that they are just the zeroes of H. Indeed, the factor 1 β − cosh χ sinh χ (2.37) diverges at χ = 0, but it cancels out with the divergence of H at the same point. Note that this behavior is completely different to the singularity of the "Minkowskian" equation (2.35), which effectively diverges at χ = 0. Therefore, characterizing the singularities of Eq. (2.30) for finite χ is equivalent to study the zeroes H. We find that there are two kinds of zeroes of H depending on whether r diverges or not:
1. Singularities of the first kind These are zeroes of H at which r diverges. Let us denote by χ 
s in order to compensate the divergence of the r 2 factor that multiplies it, such that H remains finite. Therefore, a zero χ
of H is necessarily a zero of the factor (2.38). Since this factor does not depend on r its roots are fixed for all solutions, tanh χ
This has only one solution for any given β, so there is only one χ
s . With fixed we mean that this value is independent of any initial condition corresponding to any particular solution r(χ); all the solutions r(χ) that have this singularity reach it at the same point (2.39). Note that the converse for this behavior is not true in general: the factor (2.38) can be zero, but r may remain finite and in this case necessarily H = 1, so there is no singularity. That is, in the full set of solutions reaching the point (2.39), not necessarily all of them develop a singularity, some may pass through this point regularly.
Since in this kind of singularity one has r = ∞, it correspond to the spatial infinity. The coordinate χ is also not valid at this point, this fact is manifested in the divergence of the derivative of r.
Singularities of the second kind
In the other kind of zeroes of H, denoted by χ
s , r remains finite. In this case the factor (2.38) cannot vanish. Instead, one may obtain the value of r from Eq (2.31),
The pair (χ
s ) corresponding to this kind of zeroes varies among each solution. Since relation (2.40) fixes the value of r in terms of the one of χ, solutions passing through some χ (2) s may or may not exhibit the singularity depending on whether the image r(χ (2) s ) coincides or not with r (2) s . In the last case H is nonvanishing. Thus, we have again that some solutions can posses this singularities whereas others do not.
Since the coordinate r remains finite, we interpret this kind of singularities as a failure of the χ coordinate, which leads to a divergence of only the derivative dr/dχ. Therefore, to study the corresponding solutions at the singularities of the second kind we must come back to the coordinate r. We shall see that this interpretation is confirmed by the numerical evaluation of the metric components.
We may find analytically the asymptotic solution to the coordinate transformation (2.30). With it we may proof rigorously that the spatial infinity, r = ∞, is reached in the coordinate χ only at χ = χ (1) s and χ = +∞, which were identified above. This information is crucial to understand the behavior of the numerical solutions. To achieve this we first rewrite the Eq. (2.30) in the form 
where k is an integration constant and
we have m, n,ñ > 0. Therefore, Eq. (2.43) implies that r = ∞ is reached only at χ = χ Since this condition is independent of r, we have that this critical point is also fixed. Surprisingly, this is the same location of the throat in the corresponding χ coordinate for the Λ = 0 case [16] . In the numerical solution we are going to see thatχ is effectively a critical point since r remains finite (rρ 2 is finite) and H does not vanish atχ. Notice that the interpretation of the critical pointχ goes in the opposite way of the singularities of the second kind: atχ the derivative dχ/dr diverges but χ remains finite. Thus,χ labels a regular point at which the r coordinate fails. Again, this will be confirmed by the numerical evaluation of the metric components. Taking a derivative to Eq. (2.30) and evaluating atχ we get
Recalling that we are considering a small α and a negative Λ, Eq. (2.46) implies that the second derivative of r(χ) is positive atχ. Therefore,χ is a minimum of r(χ). This shows that any solution possessing the pointχ is a wormhole with throat atχ.
As a final analysis that will help to understand the numerical results, we study the ordering of these special points. First, by reversing the Eq. (2.40), we may write it as tanh χ s . We stress that this ordering holds regardless of the fact that the value of χ (2) s is different for each solution whereas χ (1) s is fixed. Thus, χ (1) s plays the role of upper bound for all the possible values of χ (2) s . Second, we recall that we are assuming α near to zero, which yields β close to one. Under this condition we have thatχ > χ (1) s (this breaks down at β = 1/ √ 2, far enough from β = 1). Therefore, we find the universal ordering
for α close to zero. Notice that no singularities are developed in the domain (χ
s , +∞), except for the asymptotic singularity χ → +∞. Now we are ready to perform the numerical integration. Equation (2.30) requires the specification of one initial condition r(χ 0 ), where χ 0 can take any value in (−∞, +∞). Since (2.30) with a given r(χ 0 ) constitutes a closed initial-value problem, different curves r(χ) cannot intersect themselves. We give several initial conditions by varying χ 0 over the subsets specified in (2.48). In Fig. 1 we present the several kinds of solutions the numerical evaluation of Eq. (2.30) yields. There are three kinds of curves:
1. Class 1: solutions with a minimum The first class of curves possesses the critical pointχ, whose location is the same for all this class of solution. They can be generated by giving initial data at the right of the first-kind singularity,
s . As we discussed above, there is no singularity in (χ (1) s , +∞), hence all these curves pass overχ and get a minimum there. For χ → +∞ they grow to infinity since they tend to the asymptotic singularity of Eq. (2.30). We see that at the left ofχ they pass through χ (1) s without developing any singularity, but further at the left they meet a singularity of the second kind, such that the solution is valid up to this point and r remains finite there.
These solution are wormholes with two branches. In one branch (fromχ to +∞) they cover the space from infinity down to the throat; in the other branch they cover the space increasing from the throat up to the finite value of r determined by the singularity of the second kind χ 
s ) and then increase monotonically. The points where they start are singularities of the second kind, so r remains finite there. These solutions are not valid for values of χ lower than their corresponding χ (2) s singularities. As χ increases from the corresponding χ (2) s the solutions grow monotonically up to they reach the singularity of the first kind χ (1) s , which is universal and r = ∞ is reached. Thus, these solutions cover a subset of the space from the infinity down to the finite value r (2) s determined by the singularity of the second kind they reach to the left. The curves of class 1 (blue) start at their second kind singularity, pass through the critical pointχ, where they acquire a minimum, and then grow monotonically up to spatial infinity. The domain for these solutions is χ ∈ (χ (2) s , +∞) and their images are composed of two branches. The image of χ ∈ (χ, +∞) is the branch r ∈ (r, ∞) whereas the image of χ ∈ (χ (2) s ,χ) is the branch r ∈ (r, r (2) s ), wherer is the image ofχ. The class 2 (red) start at their second kind singularity and grow monotonically up to the first kind singularity where they reach the spatial infinity. They cover the domain χ ∈ (χ (2) s , χ (1) s ) and range r ∈ (r (2) s , ∞). The curves of class 3 (golden) are also monotonically increasing. They cover all the domain χ ∈ (−∞, χ (1) s ) with range r ∈ (0, ∞). Since 0 < χ (2) s < χ (1) s <χ, the classes 1 and 2 never pass to negative χ, the curves of class 2 are always located in subdomains of (0, χ (1) s ) and the classes 2 and 3 do not develop the minimumχ. generated by given initial data at χ 0 = 0. These solutions cover all the space and represent a naked singularity. They never develop a singularity of the second kind despite of the fact that they pass over values of χ where solutions 1 and 2 reach these singularities.
To obtain the metric components we must solve the Eq. (2.32) numerically. This requires the specification of a further (and last) initial condition, N(χ 0 ). In Fig. 2 we show the plots for the metric components N(χ) and h(χ) for each class of solutions. Since the Eq. (2.32) for N(χ) depends on r(χ), To a given initial condition N(χ 0 ) there correspond several solutions (distinguished among them by r(χ 0 )), hence the curves N(χ) intersect themselves in general. The same happens with h(χ) since its formula (2.34) is a noninjective function of r. For the sake of clearness we have plotted only a representative group of (almost) nonintersecting curves. The main features are:
1. Class 1 Both N(χ) and h(χ) are regular at the minimumχ, which in the plots is approximately atχ = 1.47. This confirms that the minimumχ is a regular point where the coordinate r fails since it repeats its values aroundχ. As we anticipated, the interpretation is that the geometry is a wormhole with the throat atχ. Such a geometry also arose in the Λ = 0 case of the complete Hořava theory [15, 16] . Unlike r, The coordinate χ is useful to parameterize the space around the throat. For χ higher than the throat the chart extends itself covering one branch of the wormhole up to the spatial infinity (χ = +∞, r = ∞), where both coordinates fail. From the plots in Fig. 2 (a) ,(b) we see that N 2 , h → 0 at this asymptotic limit. Hence there is an essential singularity there, similarly to the infinite boundary of the inner branch of the Λ = 0 wormhole. Because of this we regard the branch χ ∈ (χ, +∞) as an internal space with singular asymptotia. In the other branch, χ ∈ (χ (2) s ,χ), the solutions stop at the second-kind singularity. From Eq. (2.34) we see that h(χ) diverges at χ (2) s since H = 0 there, which is confirmed in the plots. We did not find any divergence of N at χ 
s , h diverges again whereas N remains finite. As in the previous solutions, the vanishing of H explains the divergence of h(χ 
The divergence at the right, N 2 , h → ∞, leads us to expect that this asymptotia follows the deformed AdS asymptotia we discussed previously.
3. Class 3 These solutions cover the full space r ∈ (0, ∞) and N(χ), h(χ) are regular in this range. They are naked singularities, as we anticipated. At the limits r → 0, ∞ there are divergences. In particular, we have that N 2 , h| r=∞ = ∞, thus we expect deformed AdS asymptotia again. The fact that solutions of classes 1 and 2 end at some finite r and also N 2 remains finite there suggests that these points are just failures of the χ coordinate and both solutions can be joined to form a complete wormhole extending its two branches to spatial infinity, as the wormhole of the Λ = 0 case [15, 16] . In order to verify that these points are coordinate-system singularities, we evaluated numerically the function f (χ) near the second-kind singularities for both classes of solutions. We found that f (χ) remains finite at χ (2) s for both classes of solutions. Since f is the radial component in the r coordinate, both solutions can be joined once they are casted in the r coordinate around joining points.
To clearly show the joining, we generate solutions r(χ) of classes 1 and 2 that tend to the same χ (2) s singularity by giving initial data in the form
(2.49)
For the case −ǫ we obtain curves with the throatχ (class 1) and for +ǫ we obtain the intermediate curves that have both kind of singularities (class 2). For δ and ǫ sufficiently small we get that both curves tend to join themselves at χ (2) s ; such that the image of their union, including the value r (2) s , constitutes an extended continuous range of r. In Fig. 3 we show such continuous joinings of the functions r(χ). We generate several curves by varying χ (2) s in the range (0, χ (1) s ). We see that in all cases the coordinate r is regular and continuous at the joining point.
We may also see continuity and smoothness in the metric components. The derivative d ln N/dr is taken from Eq. (2.26) and df /dr follows by taking a derivative on Eq. (2.25) with respect to r and combining with Eq. (2.30). This yields
Thus, Eqs. (2.26) and (2.50) give d ln N/dr and df /dr as functions of χ. In Fig. 4 we plot the numerical solutions for N(χ), f (χ) and their derivatives using again (2.49) combined with N(χ (2) s + δ) = N 0 ± ǫ, where N 0 is a fixed value (this is equivalent to adjust the integration constants of both solutions). We may see that N, f and their derivatives are completely continuous at the joining point. Thus we conclude that solutions of the classes 1 and 2 form a single solution. It is a wormhole geometry with its two branches extending from the throat to the spatial infinity.
The theory has two static spherically symmetric solutions with vanishing shift function: a wormhole described by the joining of two solutions in the sector χ ∈ (χ (2) s , +∞), and a naked singularity described in the sector χ ∈ (0, χ (1) s ). Finally we contrast with the Schwarzschild-anti-de Sitter space and check the asymptotia described in the preliminary analysis. The Schwarzschild-anti-de Sitter space arises in our approach by putting β = 1 (α = 0) in Eqs. (2.30), (2.32) and (2.25) . All the analysis of the singularities of Eq. (2.30) still holds with β = 1. Thus, there is a singularity of the first kind at tanh χ has a lower asymptote at χ → +∞. This asymptote is the location of the horizon, hence this solution in the χ coordinate covers the exterior region of the Schwarzschild-anti-de Sitter space. This fact is corroborated by Eq. (2.43), sinceñ = 0 when β = 1, meaning that r = ∞ is reached only at χ = χ (1) s in this case. The other solution, which extends itself to χ → −∞, yields the naked singularity (the Schwarzschild-anti-de Sitter space with negative mass). These results are completely analogous to the way we recovered the Schwarzschild solution in the Λ = 0 case [16] .
In Fig. 5 (a) we show the functions r(χ) for a solution representing the wormhole and for the (positive mass) Schwarzschild-anti-de Sitter space. Each solution has been joined at its respective χ (2) s singularity. In general these solutions are very different since the wormhole covers two copies of a subset of the space, whereas the exterior black hole covers only one. Looking at the divergences we have found so far, it is clear that the branch of the wormhole that has some similarity with the exterior black hole is the one containing the intermediate solution. In Figs. 5 (b) , (c) we compare the asymptotic behavior of the functions N(r) and f (r) on this branch for a particular numerical wormhole with respect to the asymptotia found from (2.15) to (2.20) ; that is, we compare with N 0 = r (1−α) −1 and f 0 = Cr 2 , where C is given in (2.20) . In the plot (c) we see that the ratio f /f 0 goes very strongly to one. In (b) the logarithm of the ratio, ln N/N 0 , also goes very strongly to a constant, which is the expected behavior. The value of this constant does not need to be zero since it is the coefficient of the dominant mode of N, which can be regarded as an integration constant (this freedom is not present in f ). Therefore, the plots in Figs. (5) confirm the asymptotic behavior N 2 ∼ r 2(1−α) −1 and f ∼ Cr 2 in one of the branches of the wormhole. For small α, which is the case we have considered throughout all the analysis, we interpret this asymptotia as a deformed AdS space. In the other branch, as we have already pointed out, N 2 , h → 0 asymptotically.
Conclusions
We have focused the problem of finding the static spherically symmetric solutions of the Hořava theory [1, 2] with a negative cosmological constant. We have taken the lowest order effective action of the complete nonprojectable theory and we have switched off the shift function in the space-time metric (with only the symmetry of foliation-preserving diffeomorphism available the spherical symmetry does not imply staticity and these are not enough to have a vanishing shift function). We have assumed a small α, which is the coupling constant of the (∂ ln N) 2 term. This terms is the unique deviation from GR in the effective action [7] , thus we are interested in a small α. We have carried out a Figure 5 : (a) Function r(χ) with α = 0 (lower curve) and α = 0 (upper curve) in the range χ ∈ (χ (2) s , +∞). The α = 0 solution has a minimum, hence it is the wormhole, whereas the α = 0 solution has a lower asymptote; it is the exterior of the Schwarzschild-anti-de Sitter black hole. In (b) and (c) we compare N and f of one branch of the numerical wormhole with the deformed AdS asymptotia. The curve in (b) is ln (N (r)/N 0 (r)). It goes strongly to a constant value as r increases. The curve in (c) is f (r)/f 0 (r). It goes strongly to one.
handling of the field equations similar to the one of Ref. [16] , where the same problem was focused for the case of vanishing cosmological constant. As it happened in that paper, here we have found a minimum for the physical radius r when it is regarded as a function of a new coordinate that runs at both sides of the minimum. This geometry corresponds to a wormhole, the minimum being its throat. Curiously (and different to the Λ = 0 case), the new coordinate, χ, fails at a certain finite point of one branch of the wormhole. We have identified this as a coordinate singularity. Thus, nothing special occurs at that point but a failure of the χ coordinate. Instead, the physical radius r is regular and valid there. We supported this conclusion by examining the metric components numerically. Therefore, the wormhole extends its two branches from the throat to the spatial infinity.
In the wormhole of the Λ = 0 case the asymptotia at the two branches are different. One branch is asymptotically flat whereas the other one has an essential singularity at infinity. The singular branch can be regarded as a kind of inner space. In the case we studied here we found an analogous asymptotic behavior, but with some differences. Asymptotically, one wish to compare the observable branch with AdS, which has N 2 , f ∼ r 2 asymptotically. However, we found analytically that the divergence of this branch is of the form N 2 ∼ r 2(1−α) −1 , f ∼ r 2 . This was confirmed by the numerical analysis. Since α is considered small, we interpret this result as a deformed AdS asymptotia, characterized by a growing of N 2 faster than AdS. The other branch, which we regard as an internal space, exhibits an essential singularity at infinity, as in the Λ = 0 case.
Wormholes with negative cosmological constant have been studied in GR and its extensions in many contexts. For example, they have been found in combination with scalar fields [25] , their quantization has been carried out [26] and they has been used in the AdS/CFT correspondence [27] . We hope the wormholes of the Hořava theory can find similar applications. One also wants to speak about their interpretation as astrophysical bodies, but the exact role of the cosmological constant in the Hořava theory should be clarified first. In any case, it is interesting to have an asymptotic behavior slightly different to the one of AdS.
We also found naked singularities in the set of solutions, like in the Λ = 0 case. In particular, only naked singularities arise in the case of negative α. The naked singularities also describe deformed AdS asymptotia.
(χ (2) s , +∞). Hence, its union with the other part covers the full range r ∈ (0, ∞). This is also a naked singularity. We confirmed this result with numerical integration.
Therefore, in the α ∼ 0 − case all the static spherically symmetry solutions with vanishing shift function are naked singularities.
